Background. The availability of a vaccine for the prevention of herpes zoster has increased interest in methods to measure zoster disease burden. Hospitalizations assigned a zoster diagnosis code have been used as indicators of severe zoster in prior studies. However, a zoster diagnosis code may not be a specific indicator of severe zoster illness, because the code may be assigned to a hospitalization for another cause in a person with coincident zoster.
The availability of a vaccine for the prevention of herpes zoster [1] has led to increased interest in methods to measure and track zoster disease burden. In addition to substantial morbidity due to pain, zoster can cause severe complications, including disseminated disease and ophthalmic or CNS involvement, and can result in hospitalization for clinical management or intravenous antiviral therapy. A substantial portion of the medical care burden from zoster can be associated with these hospitalizations, so it is particularly important that data on hospitalizations be accurate.
Administrative databases have been used to char-acterize the epidemiology of zoster by identifying medical encounters, primarily in the outpatient setting, associated with a zoster diagnosis code [2] [3] [4] [5] [6] [7] . In a previous study, we documented the fact that a zoster diagnosis code assigned to an outpatient visit was highly predictive (94%) of a validated episode of acute zoster in older adults in a managed-care setting [2] . However, although several studies have used administrative data to characterize rates of hospitalizations associated with zoster, the validity of these data has not been well defined. It is possible, for example, that a zoster diagnosis code may be assigned to hospitalizations for another cause for a person with coincident zoster. We describe a population-based assessment of older adults in which the characteristics of zoster-coded hospitalizations were defined by medical record review, to determine the validity of a zoster hospital discharge diagnosis code as an indicator of hospitalization attributable to zoster. In addition, we have determined the portion of cases occurring among persons eligible for zoster vaccine, and we have established a more accurate estimate of the population rate of hospitalizations for zoster.
METHODS
The study population included adults ).
The study cohort of 484 persons was further restricted to the 411 persons with an identified Group Health clinic chart base for whom medical records were available. Of those 411, a sample of 260 persons was selected for record review. This sample included all 40 persons aged 50-59 years and a randomly selected 220 of the 371 persons aged у60 years. Only first hospitalizations associated with a zoster diagnosis code during the study period were eligible for review.
Trained abstractors reviewed hospitalization records to determine the cause of the hospitalization. Abstractors recorded whether the records indicated that zoster, postherpetic neuralgia (PHN), or complications of medications used to treat zoster or PHN was the cause of the hospitalization. For hospitalizations not due to these 3 factors, abstractors indicated the probable reason for the zoster code. These included coincident zoster or PHN that was present at hospital admission but that was not the reason for admission, zoster that developed after hospital admission, notation of a history of zoster or PHN in the absence of current disease, or other reasons (e.g., miscoding of herpes simplex). Abstractors also recorded information about the presence of concomitant illnesses, including immunocompromising conditions, and about the use of oral or intravenous antiviral agents during the hospitalization. In instances when antivirals were given both orally and intravenously during hospitalization, we defined the mode of administration as intravenous.
It is possible that primary or secondary zoster discharge codes better predict hospitalizations attributable to zoster or related complications than do zoster discharge codes assigned at a later position. Because severe zoster is often treated with intravenous acyclovir, use of intravenous acyclovir may also be a marker for hospitalizations attributable to zoster. Three indicators-zoster as primary code, zoster as primary or secondary code, and administration of intravenous acyclovirwere evaluated for their ability to predict 2 outcomes [8] . The first outcome was hospitalization attributable to zoster, PHN, or adverse effects of medications given for treatment of those conditions, and the second outcome was the subset of those hospitalizations specifically attributable to zoster illness.
Rates of zoster in the Group Health population of persons у50 years of age for each of the study years are reported as crude and as age-standardized rates. Age standardization was performed by direct standardization to the United States 2000 census population. The mean values of length of hospital stay were compared, using Student's t test, between persons hospitalized because of zoster and those hospitalized with zoster that was incidental to the reason for hospital admission.
RESULTS

Validation of hospitalizations with a zoster diagnosis code.
Of the 260 hospitalizations identified for review, 35 (13%) could not be reviewed because of insufficient information about the hospitalization in the Group Health medical record. Of the 225 completed reviews, the hospitalization was attributable to zoster or a complication of zoster treatment for 65 (29%), and the hospitalization was attributable to PHN or a complication of PHN treatment for 9 (4%) (figure 1). Thus, zoster, PHN, or a related complication was the cause of the hospitalization for only 74 (33%) of 225 hospitalizations assigned a zoster diagnosis code. This proportion did not vary statistically significantly by sex or decade of age.
Of the remaining 151 hospitalizations not attributable to zoster, PHN, or treatment complications, in most cases (117 hospitalizations [77%]), zoster or PHN was noted during the hospitalization but was not the reason for the hospitalization. For 65 (56%) of these 117 hospitalizations, zoster was present at hospital admission but was incidental to the reason for admission. For those persons, the causes of hospital admission were consistent with typical reasons for hospitalization in older adults and included indications such as pneumonia, stroke, fall, chest pain, altered mental status, and gastrointestinal bleeding. For another 40 hospitalizations (34%), PHN symptoms were noted at hospital admission, but this condition was incidental to the hospitalization and was not the reason for admission. Lastly, 12 patients (10%) had zoster with onset after hospital admission.
In 24 (71%) of the 34 hospitalizations during which zoster or PHN was not identified, the patient was noted to have a history of zoster or PHN, which appeared to be the reason for the assignment of the zoster diagnosis code. A diagnosis of herpes simplex infection, which appeared to have been miscoded as zoster, was noted for only 3 (1%) of the hospitalizations reviewed.
Of the 74 hospitalizations attributable to zoster, PHN, or adverse effects of medical treatment (figure 1), 61 (82%) involved persons у60 years of age. Thirteen (21%) of these 61 patients were immunocompromised, as defined by the presence of hematologic or metastatic cancer, receipt of chemotherapy within the previous 3 months, chronic corticosteroid use, or receipt of other immunosuppressive medications. Thus, 79% of hospitalizations (48 of 61) attributable to zoster or PHN in persons у60 years of age involved persons eligible for zoster vaccination.
Description of the hospitalizations for acute zoster or PHN. Of the 65 persons hospitalized because of zoster, 56 were admitted to the hospital because of the illness itself, and 9 were admitted because of adverse effects of medications used to treat the zoster episode. Among the 56 patients who were admitted to the hospital for the zoster illness, the most common reasons for admission were suspected or confirmed severe complications of zoster, including ophthalmic zoster (2 patients), dissemination (5), CNS involvement (6), and weakness, dehydration, confusion, or hyponatremia attributed to the zoster episode (12) . Ten patients were admitted to the hospital for evaluation of a pain syndrome that was later attributed to zoster, including abdominal pain, shoulder pain, or headache, and 3 patients were admitted for neurologic symptoms that were later attributed to zoster (e.g., facial droop, upper extremity weakness, and vertigo). Six patients were admitted to the hospital for control of zoster-related pain, 6 patients were admitted for treatment of suspected facial cellulitis associated with zoster, and 2 patients were admitted for zoster-related urinary retention.
Of the 9 patients admitted to the hospital for complications of zoster treatment, 4 had nausea, vomiting, or constipation due to narcotics; 2 had suspected CNS toxicity from acyclovir; and 3 had nausea and vomiting attributed to oral acyclovir, with 1 person experiencing an esophageal rupture that required surgical repair.
There was no difference in the mean length of stay for the 65 persons admitted to the hospital because of acute zoster (mean length of stay, 4.0 days; 95% CI, 3.1-4.9 days), compared with that for the 65 persons with acute zoster that was incidental to hospitalization (mean length of stay, 3.9 days; 95% CI, 3.0-4.8 days). The percentage of persons with an outpatient diagnosis code of zoster (053.x) recorded within 30 days before the hospitalization also did not differ between those 2 groups and included 52% of those admitted to the hospital because of zoster (34 patients) and 51% of those with incidental zoster (33 patients).
Of the 9 persons admitted to the hospital because of PHN, 1 was admitted for pain control, 2 were admitted for evaluation of abdominal pain that was later attributed to PHN, and 6 were admitted for complications of PHN treatment, including carbamazepine toxicity (3 patients), constipation or obstipation attributable to analgesics (2) , and gastrointestinal bleeding at- tributable to aspirin and treatment with nonsteroidal anti-inflammatory drugs (1).
Predictors of hospitalization for zoster.
Zoster was the primary (for 44 hospitalizations) or secondary (72) discharge diagnosis code for 116 (52%) of the 225 hospitalizations reviewed. For the 44 hospitalizations with zoster as the primary code, acute zoster (for 42 hospitalizations) or PHN (2) was present at hospital admission and represented the reason for hospital admission for 38 (86%) of these hospitalizations. Thus, the positive predictive value of a zoster primary discharge diagnosis code for predicting hospitalization attributable to zoster or PHN (or adverse effect of medications given for zoster or PHN treatment) is 86%. For 34 (77%) of these 44 hospitalizations, zoster illness represented the specific reason for hospital admission.
Of the 74 hospitalizations that were validated by medical record review to be attributable to zoster, PHN, or medication effects, 38 (51%) had zoster listed as the primary code. In general, the primary diagnosis code assigned to the other 36 hospitalizations reflected the complication or symptoms that led to hospital admission. For example, a primary code indicating hyponatremia or volume depletion was assigned to 12 of those 36 hospitalizations, 6 had a primary code indicating gastrointestinal disease, and 4 had a primary code for neurologic symptoms or disease, such as encephalitis or delirium.
We abstracted information on administration of antiviral treatment during hospitalization. Administration of antiviral agents was noted for 92 (41%) of the 225 hospitalizations reviewed. Antiviral treatment was administered only to persons with zoster during the hospitalization, either present at hospital admission (82 [63%] of 130) or with onset during the hospitalization (10 [83%] of 12). Of the 130 persons affected with zoster at hospital admission, those with hospitalization attributable to zoster were more likely to be given intravenous treatment than were those with incidental zoster (34% vs. 5%), but both groups were equally likely to receive oral treatment (41% vs. 46%). Of the 13 persons admitted because of suspected disseminated zoster, ophthalmic zoster, or CNS zoster, all received antiviral treatment, and 11 (85%) received intravenous treatment. For 20 (17%) of the 116 hospitalizations with zoster as a primary or secondary code, administration of intravenous acyclovir was noted during chart review. Table 1 reports the performance of the use of zoster diagnosis codes and recorded intravenous acyclovir treatment for correct identification of zoster hospitalizations. In general, the sensitivity and positive predictive value tended to be higher for patients aged 50-69 years than for those aged у70 years. For example, the positive predictive value for zoster recorded as the primary code for the outcome of zoster or PHN (or adverse effect of medications given for zoster or PHN treatment) was 94% in the younger group and 81% in the older group ( ), and the sensitivity of that criterion was 72% in the P p .4 younger group and 42% in the older group ( ). P p .03 Rates of hospitalization for zoster. Table 2 reports rates of hospitalization associated with a zoster diagnosis code, in any position, in the study population of Group Health members у50 years of age during 1992-2004. Annual rates had a range of 28.7 hospitalizations per 100,000 person-years (1999) to 52.1 hospitalizations per 100,000 person-years (1992), but there were no trends over time. Although the overall age-adjusted rate of hospitalizations with a zoster diagnosis code was 42.5 hospitalizations per 100,000 population per year, the estimated rate of hospitalizations attributable to zoster, PHN, or adverse effects of a medication used to treat zoster or PHN was only 14.0 hospitalizations per 100,000 population per year.
DISCUSSION
Hospitalizations associated with a zoster diagnosis code have been used as indicators of the burden of severe zoster infection in epidemiologic and economic assessments [6, [9] [10] [11] [12] [13] [14] [15] . In the present study, we found that only 33% of hospitalizations associated with a zoster discharge diagnosis code in any position were attributable to zoster, PHN, or a related complication. For the remaining 67%, the zoster diagnosis code was usually assigned because of concomitant zoster or PHN illness that was incidental to the reason for hospital admission or because there was a notation of a history of zoster or PHN. Thus, use of the rate of hospitalization associated with a zoster diagnosis code assigned in any position will result in a substantial overestimation of the rate of hospitalization attributable to zoster or related complications among older adults. In contrast, of the hospitalizations with zoster as the primary discharge diagnosis code (accounting for 19% of all hospitalizations), 86% were attributable to zoster, PHN, or an adverse effect of medication for those conditions. However, zoster was the primary diagnosis code for only 51% of all zoster-coded hospitalizations that were validated by medical record review to be attributable to zoster, PHN, or medication effects. Thus, a definition based on a primary discharge diagnosis code will fail to capture many zoster-related hospitalizations. The inclusion of hospitalizations with zoster as a secondary diagnosis code did not substantively improve sensitivity in defining hospitalizations attributable to zoster and greatly reduced the specificity and positive predictive value. Our results suggest that medical record review is required to identify those hospitalizations that were truly attributable to zoster or a related complication and to obtain accurate estimates of medical care or costs attributable to zoster.
Twenty percent of hospitalizations attributable to zoster or PHN (15 of 74) were attributable to adverse effects of medications used to treat zoster (9) or PHN (6) . Although these events were relatively uncommon, their occurrence underscores the need for careful monitoring when administering medications that have the potential for significant systemic effects for older adults.
Our study suggests that hospitalizations may not provide accurate information regarding secular trends in the incidence of zoster, even when methods are validated and the hospitalizations are truly attributable to zoster. We found that 21% of hospitalizations attributable to zoster occurred among persons who were immunocompromised. The risk of severe zoster is quite elevated in such patients [16, 17] . In addition, health care providers may elect to hospitalize such patients when they experienced early, uncomplicated zoster, to monitor them for development of severe complications. Temporal trends or local patterns in the prevalence of immunosuppression could, therefore, have a dominating influence on the incidence of zoster hospitalization, which would mask the effects of any secular trends in zoster incidence among the general population. Trends in zoster incidence are of greatest importance among the immunocompetent population, because this is the group for whom the zoster vaccine is indicated.
This study had certain limitations. It was conducted in 1 geographic area and therefore may not be completely generalizable to other populations, although the cases did include persons hospitalized at a number of community hospitals in the region. In addition, we conducted chart reviews only for hospitalizations assigned a zoster diagnosis code and therefore did not identify hospitalizations for zoster illness that may have been associated with other codes.
In this study, we found no evidence of an increase over time in the rate of hospitalization associated with a zoster diagnosis code, which is consistent with our previous assessment of rates of outpatient and inpatient medical encounters associated with a zoster diagnosis code in the Group Health population during 1992-2002 [2] . Of those persons aged у60 years whose hospitalizations were attributable to zoster or PHN, most (72%) were immunocompetent persons and therefore represent hospitalizations that are potentially preventable by zoster vaccination.
